Abstract-In this paper, the method of processing and linear discriminant analysis of palmprint image is proposed. The palmprint image processing focuses on the location and segmentation which involves rotation and transition. By means of finding the two locate points about the index finger and middle finger, ring finger and little finger, the palmprint image is rotated and corrected a new coordinate system is created, which determines the region of interest (ROI). Linear discriminant analysis is a method of Gabor plus improved two-dimensional linear discriminant (Gabor+I2DLDA) which is improved 2DLDA method by integrating the Gabor wavelet representation of palm images is proposed. Traditional two-dimensional linear discriminant (2DLDA) method eliminates the column relevance of the image, while improved 2DLDA is a direct 2DLDA method which is defined in the traditional 2DLDA basis. The Gabor wavelets are used to extract palmprint features. The proposed Gabor+I2DLDA yields greater palmprint recognition accuracy while reduces the dimension. The experiment results show that location accuracy and recognition accuracy. The effectiveness of the proposed method is also verified using the PolyU palmprint databases for palmprint recognition.
I. INTRODUCTION
In recent years, biometrics has been used to refer to the emerging field of information technology devoted to automated identification of individuals using biological trains, which include palmprint, fingerprint, handgeometry, face, DNA, iris, voice, retina, gait, ear and dynamic signature etc [1] [2] . While palmprint recognition is an important kind of biometrics aiming to recognize human identity through some unique features in human palms, such as the principle lines, wrinkles, ridges, texture, minutiae and singular points etc. Compared with the other physical characteristics, palmprint has several advantages: stable features, low cost, non-intrusive and high user acceptance.
Palmprint image processing which includes palmprint segmentation, location, and normalization is a key technique for palmprint identification. Palmprint location and segmentation has two methods: the square location and segmentation [3] [4] [5] [6] [7] [8] [9] and the inscribed circle location and segmentation [10] [11] [12] [13] . In this paper, a square location and segmentation method is proposed which is to use edge tracking algorithm to determine the intersection of the angle sub-line with the palm of the ring finger and little finger, and with the palm of the index finger and middle finger, and then cut out a square region of interest (ROI) according to the intersection. Disadvantage of this approach is the intersection that angle sub-line is not easy to confirm, so the effective area extracted palmprint is not high accuracy. An inscribed circle segmentation method need to search the inscribed circle, thus it needs long preprocessing time, higher complexity.
To solve the above problem in palmprint segmentation, we propose a new method of palmprint image processing. Experimental results show that the method can still precisely position and extract ROI of palmprint even if the same hand images produce translation and rotation. Therefore, this method can speed up the pre-speed, lower computational complexity, and enhance matching accuracy.
Palmprint recognition depends on the choice of features used by the classifier, it is common to start with a given set of features and then attempt to derive an optimal subset of features leading to high classification performances. Feature extraction is a key technique for palmprint recognition. Researchers have recently developed many algorithms [14] [15] [16] [17] . Gabor wavelets are extensively used to extract feature for biometric recognition [18] [19] [20] [21] [22] . But the dimension of the extracted Gabor wavelets feature matrix is often very high due to convolution of biometric image with a series of Gabor filters. Therefore, there are some subspace projection methods to reduce feature matrix dimension.
A powerful tool used for feature extraction and data reduction is the linear discriminant analysis (LDA), which maximizes the ratio of the trace of the betweenclass scatter to the trace of the within-class scatter matrix. However, LDA suffers from the singularity problem of the within-class scatter matrix caused by the limited number of training samples. This problem is referred to as the small sample size problem. To address the problem, the two dimensional LDA (2DLDA) has been of wide concern. The 2DLDA method was originally developed by Li and Yan [23] . 2DLDA is mainly focused on constructing the image covariance matrix directly using the original image matrices. In contrast to the covariance matrix of LDA, the size of the image covariance matrix using 2DLDA is much smaller. As a result, 2DLDA is easier to evaluate the covariance matrix accurately and to require less time to determine the corresponding eigenvectors. While traditional 2DLDA which simultaneously diagonalizes the image between covariance matrix and the image within covariance matrix, the between covariance matrix is usually whitened as part of the method.
To solve this problem, the paper proposed Gabor+I2DLDA which avoid this whitening process, because this whitening process can be shown to be redundant and also leads to increased computational complexity. In the proposed method, Gabor wavelets first capture the properties of spatial localization, orientation, spatial frequency and phase relationship. The I2DLDA method is then applied to project palmprints from the high-dimensional palmprint space to a significantly lower-dimensional feature space, in which the palmprints from the different palms can be discriminated much more efficiently.
II. PALMPRINT IMAGE PROCESSING

A. Binary of Palmprint image
In this paper, Hong Kong Polytechnic University providing the standard palm database is used. The standard palm image is shown in Fig. 1 , which collected palmprint image is high quality and easy to be processing. Since the original palmprint images have system noise, it is not binary directly. If it's binary directly, the binary image will have a lot of noise contour points which cause by inaccurate locate of the image. Before binarization processing, the original palmprint image makes to do median filtering. The median filter is the key to gray level threshold selection. The experiment makes use of the input image histogram to select thresholds. The results of the histogram are shown in Fig.  2 . Based on the results, the local minimum threshold gray is selected which is range form 11 to 255. Because the entire database of samples collects in a stable environment, a fixed threshold of 30 gray is chosen. After the filtered binary image is processing, a binary image is get. Then it uses boundary tracking methods to track the binary image borders, converts the border point and re-establish the boundary of the new image which is shown in Fig. 3 . After the above steps, a new set of binary images are obtained and binary image processing is completed. In the binary image, the 0 points of the pixel value are black points and the 255 points of pixel value are white points. 
B. Getting Palmprint Region of Interest
The location and segmentation of palm image are a vital link in the palmprint preprocessing. The quality of location and segmentation results has a direct relationship to the region of interest of accuracy. The location and segmentation of palm image provide a consistent frame of reference to the feature extraction and matching palm prints, so palmprint matching and feature contrasts have the uniform standards. The correct location and segmentation can the lessen image noise and reduce the difficulty of feature matching algorithm, with the result that can ensure the accuracy and effectiveness of identification systems.
The location and segmentation of palm image is a series of different adjustment, which can split out the palm center active area to extract the palm feature, thus it realizes a variety of feature matching identification. Effective area of the center of palm often is called the region of interest (ROI). For the same palm images, ROI is the same. ROI contains the most important features of palmprint image information and all of the palmprint images are present in this region. According to the location and segmentation to extract the ROI, it brings down the image matching the difficulty and increases robustness of the system.
The ROI extraction methods include the following main steps.
(i) To separate the fingers and palms.
(ii) To find the two valley points of the index finger and middle finger, ring finger and little finger.
(iii) To rotate image based on the two valley points and correct image position.
(iv) To create coordinate system according to valley points and determine ROI.
The new method does not rely on mathematical modeling, but it analyzes the main forms of palmprint, to complete the segmentation.
(i) To separate the fingers and palms. Binarization processing of images that reflect the shape of a hand, including the index finger, middle finger, ring finger, little finger and palm of the upper and lower boundaries of the upper and lower boundaries. As the locate point of the selection mainly depends on four fingers, only the border of four fingers is considered to get rid of the palm of the border in the study. The separation main idea of the fingers and palm is to store each boundary point of binary image as an array column by column vector of the form. Four fingers are total 8 edges each column, which thinner at the edges is just 8 points and wide at the edges is larger than 8 points. Whereas the palm area is 2 edges each column, which thinner at the boundary is 2 points, the wider parts close to the heel of your is more than 8 points. The ROI is only interested in a column vector of 8 points, and they meet as in (1). 1 8
Here n C is the number of boundary points for each column and l is the number of column vectors to the number of boundary points for the 8. After several trials the total number of 8 points each column vector is generally greater than or equal to 10, and the boundary points is equal to 8 multiplied by l. which is used to create a new binary image. It can fit the broad contours of four fingers, which is shown in Fig. 4 . is to express all points of ring finger under border. The array (7) i P is to represent all points of little finger upper border. The array (8) i P is to indicate all points of little finger under border. The locate points are two crossing points. One is the crossing point between points of index finger under border and points of middle finger upper border. The other is the crossing point between points of ring finger under border and points of little finger upper border. so long as the (2) i P ,
and (7) i P for the direction of the boundary point closest to the palm is extracted , the locate points can be determined. Finally, row coordinate of the array is stored in four variables 1 y , 2 y , 3 y and 4 y , and they satisfy as in (2), (3), (4) and (5).
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The variable 1 y means first column coordinates points of the second row in four contours which represent the lower boundary of the index finger. The variable 2 y says first column coordinates points of the third row in four contours which express the upper boundary of the middle finger. The variable 3 y expresses first column coordinates points of the sixth row in four contours which stand for the lower boundary of the ring finger. The variable 4 y indicates first column coordinates points of the seventh row in four contours which show the upper boundary of the little finger.
The variable 2 X is to state the second line of four fingers contour outline which represents the lower boundary of the index finger. It is a column for every 8 points for every one until two locate points are found. The locate point in the index finger and middle finger is between the variable 1 y and the variable 2 y , which is defined as 1 1 1( , ) M x y . The locate point in ring finger and little is between the variable y3 and the variable y4, which is defined as 2 2 2( , ) M x y . The locate point image is shown in Fig. 5 . Figure 6 . The locate point image (iii) To rotate and correct the image. As the acquired image can cause translation and rotation of palm, the palm image must be rotated and corrected after determining the locate points. According to the locate points the rotation angle are calculated, as in (6). x y with the midpoint of two anchor points as the center of rotation, which is expressed as (7) and (8). 
The "+" sign indicates the image clockwise rotation in the "±" of equation (8) and the "-" sign states the image counter-clockwise rotation in the '±' of equation (8) indicates the image. Fig. 6 illustrates the rotational and corrected image. (iv) To create coordinate system and determine ROI. After the above processing of Palm images, a new coordinate is established, whose X-axis is connection line with M1 and M2, and Y-axis is vertical line through the midpoint of M1M2 line. The intersection of the X-axis and Y-axis is for the origin of the coordinate system which is shown in Fig. 6 . According to establish the coordinate ROI is received. In light of follow-up feature extraction and feature matching requirements, the ROI of different palm samples for the same hand palm is acquired whose fixed size is 128 × 128.
C. Experimental results and analysis
In the experiments we adopt test palmprint images of the PolyU-I and PolyU-II palmprint database [24] . the PolyU-I and PolyU-II palmprint database which is a result of palmprint recognition project carried out at Hong Kong Polytechnic University is used for the evaluation of the recognition performance. The PolyU-I palmprint database contains 600 grey-scale images of 100 with six samples for eachpalm. The PolyU-II palmprint database contains 7700 grey-scale images of 385 with twenty samples for eachpalm. The samples in public databases were captured by a CCD based palmprint device. The resolution of all original palmprint images is 384 × 284 pixels at 75 dpi. Six palm samples of the same hand palm are shown in Fig. 7 . The rotational and corrected results are shown in Table I . Table 1 includes locate point coordinates and rotation angle of six palm samples of the same hand palm. The rotation angle is calculated based on equation (6) . To align different palmprint images for matching, the central part of a palmprint, whose size is 128 × 128, is cropped to represent the whole palmprint by using above method in this paper. ROI is shown in Fig. 8 for six samples for M1 M2 eachpalm. Table II and Table III show the rate of correct location. Figure 9 . Six palm samples ROI of the same hand palm Table II demonstrates the location and segmentation results of this method in PolyU-I database which contains 600 palm images, where the number of correct location is 594 images and location accuracy is 99%. While correct location is 590 images and location accuracy is 98.3% for [30] proposed the method in PolyU-I database. Table III illustrate the location and segmentation results in 2000 palm images of, where the number of correct location is 1976 images and location accuracy is 98.8%. While correct location is 1964 images and location accuracy is 98.2% for [30] proposed the method in PolyU-II database. Besides, consuming time of CPU is also obtained which is Pentium dual-core @ 2.80GHz and 2.79GHz, 1.99GB RAM for ROI extraction. They respectively are 4.62s and 11.38s for this method. They respectively are 5.20s and 13.24s for this method. By means of the palm image analysis to the error location, the error is mainly due to not enough extended palm and inaccuracy placement. If the palm is stretched and the palm position is standard, the accuracy can be increased. Experimental results show that the method is high accuracy of location. 
III. LINEAR DISCRIMINANT ANALYSIS METHOD
A. . Gabor wavelets transformation
Gabor wavelets provide more precision, multichannel frequency characteristics to show the mechanism of image space and can reflect the feelings of biological neurons in the visual field. The Gabor wavelets have been found to be particularly suitable for image decomposition and representation when the goal is to find local and discriminating features.
The Gabor wavelets (kernel, or filter) functions are Gaussian modulated by complex sinusoids. Gabor wavelets can be defined as follows [20] . The Gabor wavelets representation of an image is the convolution of the image with a family of Gabor kernels as defined by (9) . In a given palm image, ( , ) I x y , the convolution is defined as , , is the convolution result corresponding to the Gabor kernel at orientation μ and scaleν . We then derive an augmented Gabor feature vector X which is defined as follows
where T is the transpose operator.
B. GABOR+I2DLDA palmprint recognition
Since the Gabor outputs are two-dimensional matrices, it is necessary to reduce the dimension in rows or columns. Therefore we apply the I2DLDA method criterion to reduce the dimension.
The improved 2DLDA method will be derived which is more suitable for extracting the discriminant palmprint features. This method is referred to I2DLDA. It applied on the Gabor wavelet outputs which are robust to variations because of illumination and pose.
Let the training sample set { 1,2,..., ; 1,2,...,
N is the dimension of the training samples, M is the training samples, and ij x is the jth training sample in classes i. There are L known pattern classes of training sample set, where i M is the number of training sample set in classes i, i μ the mean of the training sample set in classes i and μ the global mean of all training sample set.
The traditional 2DLDA method is to find an optimal projection vector to make the maximum divergence ratio of the between-class scatter to the within-class scatter, which is to meet the Fisher criterion function
where T is the transpose operator, B S and W S is respectively the between-class scatter matrix and the within-class scatter matrix，defined as follows
Clearly, the optimal projection direction φ is the largest eigenvector corresponding to the 
To meet the Fisher criterion function
The vector ξ is obtained by applying the eigendecomposition to the matrix 
According to following formula，the new criterion function is defined as ( )
where
It is easy to show that Q B S ′ is a diagonal matrix whereas
are the eigenvectors corresponding to the p largest eigenvalues.
Therefore, ij x which is the jth training sample in classes i satisfies the following linear relationship.
where 1 2 [ , , , ]
Because the traditional 2DLDA method produces white noise obtaining the optimal projected vector, it leads to high computational complexity and low recognition rate. The I2DLDA method can solve this problem.
C. GABOR+I2DLDA Technique
In palmprint recognition low feature dimension and low computational complexity is a key link. The Gabor transformed image is two-dimensional matrix feature which feature dimension is high, so the transformed image using Gabor need reduce feature dimension and eliminate the relevance of the column. The proposed Gabor+I2DLDA method just is able to meet the requirement, whose between-class scatter matrix and within-class scatter matrix are defined as
, , , , the best projection matrix in the lower dimensional subspace can be defined as , ,
D. Results and discussion
All the tests are finished to palmprint recognition in the PolyU-I database and the PolyU-I database. Before beginning to the tests the above proposed location and segmentation method is used. The palm region of interest shows in Fig.8 for a hand with 6 samples.
The first analysis evaluates the number of eigenvectors Ω required to optimize the recognition. We designed a series of experiments for varying number of Ω eigenvectors. Table IV show that Gabor+I2DLDA, I2DLDA and 2DLDA are the optimal recognition accuracy in the Poly-I database. The highest recognition rate of 2DLDA is 93.33 when number of Ω eigenvectors equal to 11. The highest recognition rate of I2DLDA is 97.00 when number of Ω eigenvectors equal to 7. The highest recognition rate of Gabor+I2DLDA is 99.00 when number of Ω eigenvectors equal to 11. It is clear that number of different eigenvectors corresponding to the recognition rate is different and Gabor+I2DLDA recognition rate is higher than other methods. Therefore, it can be concluded that the number of training samples is more, the recognition rate is higher. the proposed method is the highest recognition rate for different number of training samples. 
IV CONCLUSIONS
The Palmprint image processing about segmentation and location is to extract from the palmprint appropriate reference point, establish reference coordinate system, and acquire ROI of palmprint. The result of segmentation and location affects the accuracy of ROI. Only the precise extraction of ROI can ensure the accuracy and effectiveness to identification system, which has very important significance in palmprint identification system. Through a careful analysis, it is found that the main reason of fault location palmprint images is not enough palm stretch, fingers separated and incorrect hand placement. If the location and posture of the hand are further regulated, we can further reduce the location time and increase accuracy of location. Therefore, a simple and effective location and segmentation method is proposed.
To aim at the shortcomings of 2DLDA subspace linear discriminant analysis in palmprint recognition, the paper proposed Gabor+I2DLDA linear discriminant analysis method which can eliminate the image columns correlation to extract the optimal discriminant information. Experimental results have shown the superiority of the method proposed palmprint processing and recognition in terms of accuracy and speed.
